The diagnosis of Kawasaki disease (KD) remains challenging without a definitive diagnostic test and currently is guided by using clinical patient characteristics and supported by laboratory data. The role of respiratory viruses in the pathogenesis of KD is not fully understood.
CONCLUSIONS:
No differences in clinical presentations or outcomes in children with KD stratified according to positive or negative respiratory viral PCR testing were observed. A positive respiratory viral PCR or presence of respiratory symptoms at the time of presentation should not be used to exclude a diagnosis of KD.
WHAT'S KNOWN ON THIS SUBJECT:
Making a diagnosis of Kawasaki disease (KD) is often a diagnostic dilemma. This dilemma is confounded when children present with symptoms consistent with known, common respiratory viruses and/or with KD symptoms that could potentially be attributed to a respiratory virus.
WHAT THIS STUDY ADDS:
Patients with KD commonly have a concurrent respiratory viral infection. Clinicians should not dismiss the diagnosis of KD based on the presence of respiratory symptoms. Furthermore, a positive respiratory virus test result should not be used to exclude the diagnosis of KD. Dr Turnier conceptualized the study, assisted with data collection, and drafted the initial manuscript; Ms Heizer and Dr Jone assisted with data collection and critically reviewed the manuscript; Drs Anderson and Glode assisted with data collection and revised and reviewed the manuscript; Dr Dominguez conceptualized and designed the study, conducted the statistical analysis, and helped to draft the initial manuscript; and all authors approved the final manuscript as submitted. Accepted for publication Jun 10, 2015 Although Kawasaki disease (KD) is the leading cause of acquired heart disease in children in the developed world, its etiology remains unknown. An infectious cause of KD has been favored due to the clinical features of the disease, its age distribution, and seasonality. 1, 2 Previous studies have investigated several potential viral causes of KD, including herpesviruses, 3 parvoviruses, 3 adenoviruses, 4 retroviruses, 5 and coronaviruses, 6, 7 without finding support for a specific viral etiology.
Making a diagnosis of KD is often difficult. This diagnostic dilemma is confounded when children present with symptoms consistent with known, common respiratory viruses and/or with KD symptoms that could potentially be attributed to a respiratory virus. Few studies have looked at the effect of viral coinfection on patient outcomes. 8, 9, 10 These previous studies primarily used serologic testing, direct fluorescent antibody-based assays, and/or culture for viral diagnostics. The clinical presentation and outcomes of children with KD and viral infections, however, have not been explored with the use of more sensitive polymerase chain reaction (PCR)-based respiratory viral diagnostics. The goals of the present study were to evaluate the frequency of respiratory viral coinfections in a large cohort of patients with KD and to determine if viral coinfections were associated with differences in the clinical features of the disease or cardiac outcomes. At the time of the study, it was our standard practice to collect a nasopharyngeal wash for viral diagnostics as part of the evaluation of patients with suspected KD. Nasopharyngeal washes were evaluated by using the xTag Respiratory Virus Panel (Luminex Molecular Diagnostics, Austin, TX), which detects 16 respiratory viruses and subtypes. These viruses and subtypes included the following: influenza A (seasonal subtypes H1 and H3); influenza B viruses; human parainfluenza virus types 1 through 4; adenovirus; respiratory syncytial virus types A and B; human metapneumovirus; human coronaviruses 229E, OC43, HKU1, and NL63; and human rhinovirus/ enterovirus. The monthly distribution of virus-positive and virus-negative patients was evaluated. The incidence of each virus within the virus-positive KD patient group was compared with the viruses recorded in all samples submitted to the clinical microbiology laboratory for viral testing at CHCO during the time frame studied.
METHODS
Only patients who had respiratory viral PCR results documented were included in the study. Patients were No differences were found in laboratory parameters between the virus-positive and virus-negative KD patients (Table 2) . Interestingly, no differences were noted between groups in median white blood cell count, hematocrit, highest erythrocyte sedimentation rate, or highest C-reactive protein level.
There were no differences in the frequency of coronary artery lesions between the 2 groups. Sixteen percent of the virus-positive group and 18% of the virus-negative group had coronary artery lesions. In addition, no differences were noted between the 2 groups in terms of day of illness the patient was treated with IVIG, percentage of patients who were resistant to IVIG, and length of hospital stay.
More patients with KD were viruspositive in the winter and spring months compared with in the summer and fall months (Fig 1) . With the exception of respiratory syncytial virus, which was more prevalent in the entire CHCO population, the overall distribution of types of viruses detected in the KD patient group was similar to those detected in all CHCO Adenovirus is the most commonly detected, regularly circulating virus that produces clinical and laboratory values in children which are most similar to those seen in children with KD. We therefore separately examined our 9 patients with KD who were also positive for adenovirus. All 9 (100%) of the adenovirus-positive patients had conjunctivitis, 8 (89%) had a rash, and 8 (89%) had mucous membrane involvement. Four (44%) presented with concurrent URTI symptoms. Three (33%) developed coronary artery lesions, 2 of whom had concurrent URTI symptoms, suggesting that KD and adenovirus infection, similar to other viruses, can present at the same time.
DISCUSSION
This study showed that a positive respiratory viral PCR result does not rule out KD. Concomitant respiratory viral infections were common in the KD patient population studied. Nearly one-half of the patients with a diagnosis of KD who had a respiratory viral panel submitted were positive for at least 1 virus. No one particular virus was predominant among KD patients but rather a variety of respiratory viruses were detected by using PCR testing, mirroring the viruses that were circulating in the community. The frequencies of URTI and gastrointestinal symptoms in both virus-positive and virus-negative patients with KD were similar. Ultimately, according to PCR results, there were no clinically significant differences or outcomes in KD patients who presented with or without detectable viruses.
A previous study by Jordan-Villegas et al 8 found that patients with concurrent respiratory viral infections were more often diagnosed with incomplete KD and had a higher frequency of coronary artery dilations. Our study found no statistically significant differences in the number of patients diagnosed with incomplete KD or in the frequency of coronary artery lesions detected between the virus-positive and virus-negative groups. In the study by Jordan-Villegas et al, only 8.8% of patients with KD were found to have respiratory viral infections (compared with 42% of the patients in our study). The differences between these results are most likely due to the fact that nonmolecularbased diagnostics were used for the diagnosis of respiratory viruses in the previous study.
In contrast, a more recent study by Kim et al 9 in 55 patients used a PCRbased assay and found a similar rate of respiratory virus detection (ie, 32.7%) in KD patients in Korea. In agreement with our results, they found no significant differences in clinical manifestations or coronary artery lesions between virus-positive and virus-negative patients with KD. Our study strengthens these observations by extending the findings of Kim et al to a much larger and different patient population.
Another recent study in Taiwanese children found that one-half of patients with KD were positive for a respiratory virus according to PCR, and a large proportion of KD patients presented with concurrent respiratory symptoms. 10 Furthermore, a wide variety of viruses were detected in these patients, with rhinoviruses being the most prevalent. Our findings are in agreement with this study and further demonstrate that respiratory symptoms are a common finding in children with KD. 13 Research by Rowley et al 14 proposed that KD might be due to a novel RNA virus that enters via the respiratory tract. It is unclear, however, whether the respiratory symptoms we documented in our KD patient cohort are due to an unknown KD agent or due to a concomitant coinfection with respiratory viruses circulating in the community and commonly seen in this age group of children.
Our study has several limitations. Because of the retrospective nature of the study, we were unable to
FIGURE 1
Monthly distribution of virus-positive and virus-negative patients with KD. 
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